or solar forcing [Haigh, 1996 [Haigh, , 1999 Shindell et al., 1999b] . We now investigate in more detail the mechanism by which stratospheric perturbations affect surface changes. et al., 1997, 1998a, b, 1999a] et al., 1993, updated through 1999] . The opacity of the volcanic aerosols varied as a function of time; winters with an opacity greater than .02 were deemed volcanic years (1964-66, 1969-70, 1975, 1983-85, 1991-94 , mean opacity = .040), while years with a lower opacity were considered background (non-volcanic) years (1959-60, 1967-68, 1971-74, 1976-82, 1986-90, 1995-2000 Figure 9 , which shows that the maximum predicted ozone losses take place well after the maximum abundances of ozone-destroying halogens are present in the stratosphere.
The ozone recovery trend is fairly constant after about 2020 (middle panel), and the increase in the AO index also levels off at this time (Figure 3b) [Kodera et al., 1990; Balachandran and Rind, 1995; Rind and Balachandran, 1995; Shindell et al., 1999b] , and as it reaches the lower stratosphere during the middle part of the winter, the resulting horizontal and vertical wind shear changes refract planetary waves equatorward as in the increasing greenhouse gas case.
This alters the transport of tropo- In contrast to the case of increasing greenhouse gases, the initial temperature changes induced by solar variability take place much higher in the strato- The influence of using fixed sea-surface temperatures is large, however, so further work in this area will be necessary to obtain more reliable results
Effect of Volcanic Eruptions
Volcanic forcing induces SLP variations that occur predominantly via the AO pattern, though not as exclusively as in the greenhouse gas experiments or as in the past three decades of observations (Figure 2 ). The enhanced AO leads to a wintertime continental warming following eruptions, as clearly seen in observations [e.g. Robock and Mao, 1995; Kelly et al., 1996] . Changes in wave propagation are quite similar to those seen in the greenhouse gas case, especially in the mid to high latitude troposphere ( Figure 12 ). net et al., 1999; Robock et al., 1999] . It is interesting that a simulation of the response to the eruption of Mt. Pinatubo, using a version of the ECHAM model with a top at 10 mb, does seem to reproduce the observed magnitude of AO enhancement [Kirchnet et al., 1999] Other studies [Fy]e et al., 1999; Paeth et al., 1999; Zorita and Gonzalez-Rouco, 2000] Model results are as in Figure 6 . Observations are the difference between the five year means of 1989-1993 and 1965-1969 , providing an estimate of the long-term trend (identical to Fig. 12b , Kodera et al. [1996] ). The maximum vector length corresponds to 24 m2/s _. 
